The nature of the order-parameter of the spin-glass (SG) phase has been a long-standing puzzle [1, 2] . Two different approaches have recently been proposed. The first, due to Parisi [3] , involves an order-parameter function q(x) with x E [0, 1]. It involves replicas, and its physical meaning as well as its mathematical derivation remains mysterious. The second approach, due to Sompolinsky [4] , is a dynamical one. It assumes that relaxation to equilibrium proceeds through an infinite hierarchy of relaxation times tx, and the order parameters appear as the correlation function ( S(O) S(tx) ~ at time scale tx (where ( ... ) and ... mean respectively thermal and disorder average). It implies a complete decay of the SG ordering in the static limit It turns out that these two approaches are essentially equivalent [5] , and are acknowledged as the correct mean-field theory for SG [6] .
The non-ergodicity of the infinite-range Ising spin-glass has been recognized recently [7] . As a consequence, one expects time averages not to be equal to ensemble averages, and to depend on the time scales considered [8] . Although we believe that ultimately, the physics of SG is to be described by dynamics rather than thermodynamics, it may be interesting to understand the infinite-range model in terms of purely static, or thermodynamical concepts.
(*) Permanent address.
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyslet:019830044016067300
The purpose of this paper is to provide such an interpretation; the following points are shown : i) First, it is possible to give a physical meaning to replicas, and even more, to remove the ambiguity in the analytic continuation at n = 0, provided one follows a well-defined procedure which is discussed in the text. The replicas are shown to represent the statistical composition of the system in thermodynamic equilibrium. In particular, symmetry-breaking is shown to be directly related to the coexistence of different phases in the system.
ii) In the infinite-range Ising SG, where an infinite number of phases [12] (interpreted as solutions of the Thouless-Anderson-Palmer [9] equations) is available to the system, we show that all these phases have the same Edwards-Anderson (EA) order parameter [1] , qEA = T7 E ~ S~ ).
N f The Parisi ansatz [3] , which is discussed in this paper, is shown to describe the system as a statistical mixture of all these phases, the order-parameter q(x) measuring the correlation or overlap between these phases. This does not imply that the Parisi construction is the only possible scheme, but it shows that it is a physically sensible one.
Replicas are easily interpreted using the microcanonical ensemble. Consider the microcanonical density :
where L denotes a sum over spin configurations.
The canonical ensemble, as originally presented by Gibbs, is obtained by replicating the system a large number of times M, the total energy being fixed. The density of states for this composite system reads : which can be rewritten : [ 12] . Therefore, the total number of phases available at temperature T is exponentially large. It is easily seen that all these phases have the same EA order parameter. Indeed, the number of solutions of the TAP equations with EA order parameter qo is given by :
where F(mi) is the TAP free-energy. It can similarly be shown that the correlation q 12 between two phases can very continuously (in the thermodynamic limit) between qEA (when the two phases are identical) and 0. A direct approach starting from the TAP equations will be reported elsewhere [13] .
The effect of frustration and disorder can now be clearly separated : i) Frustration enables the existence of an infinite number of phases, which all have the same EA order parameter.
ii) Disorder correlates these phases, and forces them to condense simultaneously according to a certain pattern of correlation qpq.
Since qpq is the correlation of the magnetization of states p and q, it measures the number of spins which are different in states p and q ; it is a distance, in configuration space between these states.
Any theory which does not take full account of this infinite number of phases is expected to describe metastable states. Such is the case of the SK solution [10] , where taking all qp9 equal amounts to describe the system as a single phase.
In order to specify the system, we must label the phases. Since all the phases have same EA order parameter, we classify them in a hierarchical way, by decreasing order of correlation. It amounts to taking a correlation matrix of the Parisi type, namely where the size of the subblocks is p 1, then iterate a Parisi type of procedure on the diagonal blocks, i.e. break each diagonal block into a structure similar to (11) , with diagonal blocks q2 of size P2 and unchanged off-diagonal blocks, etc...
One ends up with a hierarchy of blocks of size nM = po &#x3E; Pi &#x3E; ... &#x3E; p~, and correlation 0 = ~o ~1 ~2 ~ '" ~ ~ = ~EA.
The diagonal blocks of size Pic with qk = qEA, represent the phases present in the spin glass. All other blocks represent the correlations between these phases. It follows from the TAP equations that one has necessarily po &#x3E; p 1 &#x3E;
... ~ pk. Indeed, one can show that if qi + 1 &#x3E; q~, the numbers of pairs of phases with correlation q, is exponentially larger than the number of pairs with correlation ~+1 [13] .
Following the procedure of reference 5, we define x = l/k, I == 1,..., k, and q, -ql-1 [14] . Since the system is described as a statistical mixture, a dynamical picture is easy to draw if we could take « instantaneous pictures » of the system at equilibrium at different times, these phases would appear with frequencies such as to build up correlations characterized by the order parameter q(x).
Also, the linear response anomaly is the result of the infinite number of phases present in the system, indeed, applying a magnetic field to a given phase induces a magnetization in all other phases present in the system (since they are correlated). Finally, within this interpretation, the Thouless-Almeida instability line [2] can be interpreted as the line of transition from a multiphase to a monophase system.
